Detection and localization of peripheral vascular bleeding using Doppler ultrasound.
Hemorrhage from wounds in the extremities is the leading cause of preventable death on the battlefield. To successfully treat these injuries, the exact source of bleeding must be localized. The purpose of this study was to determine the feasibility of using Doppler ultrasound to precisely detect and localize peripheral vascular bleeding. Injuries were produced in common femoral arteries (diameter of ∼5 mm) of 28 pigs in vivo. Single puncture injuries were produced using 6 French (F) (n = 10), 9 F (n = 22), and 12 F (n = 12) catheters. In addition, multiple punctures were made (using 6 F and 9 F catheters) in eight common femoral arteries to simulate bleeding from multiple injuries. Finally, laceration injuries were produced using a scalpel in 10 femoral vessels. In color Doppler images, bleeding was observed as a turbulent jet flow originating from the injury site in the vessel. This jet flow had checkered red-blue color pattern at the bleeding site, as opposed to a uniform color pattern in an intact artery. Peak systolic velocity at the injury site, measured using pulsed Doppler, was elevated to up to 152.0 ± 81.6 cm/s, as compared to 78.8 ± 17.5 cm/s in normal arteries. Further, end diastolic velocity increased from 6.1 ± 4.9 cm/s before the injury to up to 59.1 ± 33.1 cm/s after the injury. Resistance index was significantly lower (0.6 for 9 F and 12 F punctures, and 0.8 for 6 F punctures) at the bleeding site in injured arteries as compared to the resistance index of intact arteries (of 0.9). Our results showed a characteristic change in the systolic and diastolic velocities, as well as resistance indices at the injury site in peripheral arteries. These findings may serve as groundwork for development of automated bleeding detection and localization methods, and facilitate various hemorrhage control treatments.